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FOREWORD

This report contains the observations of the Project

_" Mercury Tracking and Ground Instrumentation System (TAGIS)

made durlng the (F-2)-day network drill and the (F-O)-day

launch and orbit of the Mercury-Atlas 4 (MA-4). Primary

emphasis is placed on observations made on (F-O)-day, .

_September 13.. 961, when the Range tracked the MA-4 capsule.

The conclusions_and recommendations made by the observers,
L

who were stationed at nine of the TAGIS sites and the LDN and

the HON Communication Centers, are also summarized. Observers

at seven of these locations were there on other assignments,

bug acted as observers on the (F-2) and (F-O)-day. Recommendations

for futur@ observer procedures are also included. The maJcr

observations and resulting recommendations were discussed

with Messrs. N. Heller and P. Vavra of NASA and the Network

Control Group at Goddard Space Flight Center on September 19,

1961.

The first observations of _he performance of the

TAGIs equipment when working with the Mercury capsule were

obtained by the MA-4 mission. The report also includes

summary of the observations of the performance of the cc

cation facilities which will be expanded in a report to be

issued under NASA Contract NAS5-1434.

,@

ii
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I. INTRODUCTION

On September II and 13, 1961, personnel from Bell

Telephone Laboratories, Sandia Corporation, and Western

] Electric Company were stationed, as observers, at the LDN

and HON Communication Centers and the following Mercury Range

Sites: MCC, GSFC, BDA, ATS, CYI, MUC, GYM, TEX. NASA also

provided an observer at WOM. The observers recorded data

__/ and submitted reports on the performance as noted at the

sites during the (F-2)-day network drill and the (F-0)-launch i:
4

day of the Mercury-Atlas _ (MA-4) one-orbit mission of an t

unmanned capsule.

On launch day, the Mercury Tracking and Ground

Instrumentation Range was subjected to its first test with a

Mercury capsule. Although the MA-4 mlssion was a one-orbit

mission, all the Mercury network sites except HAW were in

contact with the space vehicle at some time. Consequently,

the performance of (i) the equipment at the sites, (2) the

teletype and voice communications and (3) the computer pro- _.

grams as well as (4) the operating procedures, was demonstrated.

P
(_ In this report, the method of observation, the con-

clusions reached, and consequent recommendations are given.

Since this was the first opportunity for the network to per=.

form with an .orblting capsule, information concerning actual

(__/ equipment performance is emphasized.
c

l-I
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I

I An observer from the Sandia Corporation was

I stationed at Bermuda to monitor the performance of the tele-

metry equipment. His report is summarized in Appendix A.

The schedule of the network activites, that were

observed, is as followsz

Date Time Test No.

9/11" 06:00-14-00 GMT NCG-444BB Simulated mission from (
T-0=12-00 GMT T-6 hours through one

orbit for (F-0) day.
f_

9/13 06:00-16_00 GMT NCG-_44 T-6 hours through one

T-0=14:04 GMT orbit.

!

I

1

4

(

1-2
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II. PURPOSE OF OBSERVATIONS

The objectives of the observations mad@ during the

MA-4 (F-2)-day network drill and launch (F-O)-day, were to
k

/ determine: (I) The performance of the range site equipment

in tracking a Mercury capsule, (2) the adequacy of the M&O

operating procedures, (3) the adequacy of the communications

facilities provided for the Mercury Range. This was the first

<) time that the Mercury capsule was tracked by the TAGIS sites,

._q
so that data could be obtained on the performance of the ac-

quisition, radars, telemetry, command, capsule voice communi-

cations and computers when operating with the Mercury capsule

in orbit.

The primary test objectives of the MA-4 mission,

with regard to the Mercury Network, as given in 0R-1905,

Section C, were_

(1) Demonstrate the proper operation of the ground

command control equipment.

(2) Evaluate the performance of the equipment and the

operational procedures used in establishing the

launch trajectory and booster cutoff conditions

( ) and in predicting landing points.

(3) Evaluate the ground communications network and
t,

procedures. L

(4) Evaluate the performance of the Network acquisition _:
i

_ _ aids, the radar tracking system and the associated

operational procedures.

2-1
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(5) Evaluate the telemetry receiving system performance ---

and the telemetry displays.

A secondary objective was to "evaluate and develop

Mercury network countdown and operational procedures_'.

To determine how well the objectives were met, NASA

i will analyze all site records, as well as records on-board

the capsule. The results given in this report represent only

the data that were made available to the observers through
i

their own observations when on site ai_d from the several de-

briefings that were held after the mission.

i

!

_-I

i

i

2-2
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III. METHOD OF OBSERVATION

Observers were stationed at the sites in accordance

with the assignments given in Appendix B. Throughout the
k
t

' scheduled network activity, these observers monitor@dtthe

equipment and operator performance. These activites started

_b 06:00 GMT, six hours before the scheduled llft-off and

continued through one orbit. The specific netwo_ activities

were in accordance with the M_-4 Network Countdown issue_ by

GSF_ dated July 25, 1961.
.

At the conclusion of the (F-2)-day network drill

and of the MA-4 mission, each observer transmitted to the

Mercury Control Center an<observer's TTY report (described in

Appendix C) which contained: (1) The duration of important

time ii_tervals of site operations, such as the period of

"solid" telemetry, (2) the time required to complete the

Brief Systems Tests, contained in the count, (3) _he time

of ?ransmlssion of Summary, Contact and Status messages, and

(_) a brief evaluation of the exercise, including a notation

of difficulties and suggestions for changes.

The observers also prepared reports summarizing the

TTY mission traffic received at each site from T-O on (F-2)-day

and from T-4:15 on .aunch day to the end of the drill or

mission, These.reports, which weresent to Bell Telephone

Laboratories for analysis, included a listing for each circuit

< _ of the times that all messages were received by the site.- It

3-1 '-
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also eontaSned notations of the garbled messages, retrans-

missions; corrections, and missing messages. The TTYmeszage

summary repQrt form is included as Appendix F.
:

" deb_ _e H�Äthe_pv_ _s, a

observers was held at Bell Telephone Laboratories on

September 18, 1961_ at Which the. observations made at sites "
5

were reviewed. The co_.poslte observatlons and pertinent recom-

me_datlon_ were presented orailyto the NASANetwork Control

- GroUp _d MeSsrs. N. Heller and P. Vavra of NASA at the Goddard
J

Space Flight Center on September l9_ 1961. The data obtalned

: were ana]yzed further and the results obtained are reflected :

in this repcrt. These results confirmed the earller

-_-.-" conclusions.

o

s
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IV. CONCLUSIONS

The performance of the Mercury Range satisfied _he
/

needs of the Mercury taskvery adequately during the success-

ful MA_ mission, and the Network tests objectives were met.

The problems listed under Network Observations can and, un-
..

_-_ doubtedly,will be el-lminat_d. Many will disappear with in-

-creased experience of the operating teams and, in some cases,
.°

through improved procedures.

The range cnd accuracy of the radars, when properly

operated, were appropriate to the needs of the Mercury mis-

sion. The accurate determination of the orbit and the impact

prediction point by the GSFC computer_, using the radar data

from the sites, substantiates this conclusion. However, only

two of the six C-band radars and four of the seven S-band

radars, that were in range of the capsule, provided any sub-

stantial radar data. This difficulty is ascribed to radar
L

t

operator performance and procedures. Further radar operator

training in procedures is definitely necessary. It iS ap-
t

f_ parent that the role of each human operator is primary.

The GSFC computers operated very satisfactorily

and the location of•the ._apsule was known at all times. The

Impact Point, determined by the GSFC computer, was about

<_h" i milefrcm:the point where the recovelyship recovered"the _ap-
\l-) -.

sule. This also implies that the location of the sltes,

whose radar data we_eused, is known quite accurately°

4-1
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The range performance of the Acquisition Aid was

good with all sites (except HAW, whlch was out of range)

tracking the capsule, generally from horizon to horizon.

The acquisition bus procedures, as noted under radar, re-

q_aire investigation and improvement.

The telemetry subsystem operation was very satls-

factory_ Very strong signals were reported and telemetered

data weregenerally received from horizon to horizon. There

i was good agreement amongsites as tb:the values of telemetered

quantities.

The performance of the air-to-ground voice subsystem,

on both HF and UHF, w_ excellent _uring the peri6d when the

capsule was transmlt_Ing. The capsule stopped transmitting

between WOM and CTN because of a failure of the on-board

tape playback transmitting system.

AlthougL the retro-rockets were fired by the cap-

sule clock, the Command _ubsystem was reported to have

operated well in tests conducted during the re-entry whenever

the range to the capsule was less than about 400 miles.

The timing subsystem operation was reported asC

_eing satlsf_ctory at all observed sites, except for a minor
I

problem of tlmlngmarks not appearing at the radar plotboard

at Bermuda.

The Teletype system performed well durihg the NA-$
u

:mission, including the au$omatic rebroadcast TTY equipment

(8_B2) at GSFC. The voice clrcultswere good wlth the

1965077404-013



exception of the low voice level reported from the Woomera

site. The high speed data clrcultc between CNVand GSFC were

quite adequate throughout the mission.

Reports on the performance of the M&0 teems at all

-J sites were generally favorable with the exception of the

difficulties with the radar teams noted above. It was ap-

parent that at the radar sites (CYI and MUC) where RAZEL

slmulatlon equipment had been used extensively, the radar

_-_ performance was notaoly better than the other sites where

this equipment was not used or was not available. z

In general, the TAGIS personnel and equipment

passed the MA-4 test with high grades.. Since the.grades

were not 100%, the next _ectlon contains recommendations,

for improving the performance of the Range, that were-

prompted by the observatioos made daring the tests.
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V. RECOMMENDA_IONS

In this section a brief statement of each recom-

mendation is given. At the end of each statement, a number

is given corresponding to the paragraph number in the report

in which the observagion supporting the recommendation is

described.

- The recbmmendations are divided by subject matter

into (A) Equipment, (B) Procedures, (C) Personnel and Train-

ing and (D) Observation Procedures.
z

A. EquipmeNt
°

1. Computer Program

a. The Bermuda and GSFC computers should be:pro-

grammed for better utillzation of the VERLORT and FPS-16

radar data regardless of which radar is the best performer

during the mission. (VI-A-l-b).

b. The intermittent display of ECTRC and associated

• recovery area at BDA should be corrected. (VI-A-l-b).

2. Command

_ a. The adequacy of the on-slte spare parts for the
command system should berevlewed. (_-A-2).

3. Acquisition

a. A teBt should be made of the Electrospan linl6

at Bermuda to locate the cause of its erratic operation.

O " The Town Hill-Cooper's island cabl_ should be checked for

5-1
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crosstalk to determine if this may be the cause for the

errors:reported on the acquisition bus. A realignment and

retest of the entire acquisitlonbus system should be made.

b. Provide a modification kit to all VERLORT sites

to remove the problem of the llne amplifier being loaded

: down and causing the remote synchro receiver to act as a

sourc e. CVI-A-3-f).

#

c. Provide a modification kit to eliminate the .....

recurrent feed_Point breakage problem of the helices of

the ARand R antennas. (VI-A-3-b).

4. Timing Subsystem

The rellabillty of the timing marks on the radar

plotboard at BDA should be improved. These marks were re-

ported "lost"-once during the simulation exercises and also

on mlsslon day. (VI-A-5).

5. Telemetry subsystem

Investigate the telemetry records and determine

the cause of the discrepancy with othersltes of the "cap-

sule clock" neadlngs at IOS and ATSand the "fuel quantity"

reading at ATS. (VI-A-6-b)° _-
6. Radar Subsystem - _ _

a_ Consider the replacement of the MPQ-B1 S-band

rad arat_EGL with an ex%stlngMPS-19 radar. (Vi-A_7-a).
L

b. Investigate the rellabillty of the pu_p klystron

for the VERLORT parametric preamplifler at BDA and supply

•additional _spares if deemed necessary. (V!-A-T-b) .

5-2
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c. Investigate the failure at EGL of the "valid"

bit to change to "invalid" in the radar data messages when

automatic range tracking was lost. (Appendix E).

d. Re-examine the logic, and _ssoclated logic cir-

J cults, for inserting the "valid bit" in the radar data mes-

sages. (VI-A-l-b).

e. Develop a modiflcatlon for VERLORT radars to

indicate proper choice of range interval. (Appendix D).

J B. Procedures

1. Communications

a. Test the Goddard Conference (FP #1) voice levels

at least weekly; expand this test to include measurements

of the over-all voice loop from the console at one site to

the console at the others. (VI-B-l-a).

b. Improve the procedures for voice circuit trouble

reporting between GSFC and WASH 1. (VI-B-I-b).

c. Provide the GSFC Communlcatlon Director with

a report on the status of critical coverage of con_nunlcation

facillties at T-6:00 on (F-2)-day and (F-O)-day. (VI-B-I-c).

2. Acqulsition Aid and Telemetry
- ~

_-3 a. Change mission documentation conerning telemetry
% J

signal strength recordiags to reflect the MA-4 experience.

(n-B-2-a).
J

b_ Establish the procedure that the Acquisltion Aid

i_--,_- operator track manually in elevation at elevation angles below

l0 degrees. (VI-V-2-c).

5-3
°.
L

.i

1965077404-018



c. Instruct sites to monitor and adjust levels of

the telemetry tape recorders more frequently. (Appendix A).

d. Determine empirically whether the telemetry de-

commutator should be operated with or without the Zero and

Gain correction servos by using the telemetry tap_ recorded _ J

at BDA during the MA-# re-entry. (Appendix A).

e. Provide all sites with information for annotating

the telemetr_y p,._nrecorders as required in the MA-# Data

Acquisition Plan. (Appendix A). = : _b

3- Rada_____r _

a° Provide more detailed radar handover procedures

to the sites involved. (VI-B-3-a and VI-B-3-f).

b. Require the WOM I_PS-16 radar to participate in

some, if not all, network drills p_eoedlng a mission.

(n-B-B-a).

c. Collect radar teletype (28 R0) prlnt-out at

sites after each mission for post-misslon analysis.

(VI-B-B-b and Appendix D).

d. Standardize the procedure for adjusting radar

servo amplifier gaID. Perform this adjustment in the pre-

and post-misslon calibration. (VI-B-3-c). / _t-_
j

e: ReView procedures for measuring the mld-frequency ....

of the radar for interrogating the capsule beacon. Conside r /
/r

the el_mlnation of this frequency from SUM messages if re-
/.

• /

qulred measurement time is too long. (VI-B-S-d and V_-B_S-e).
g Doc,um,,e,n,ta,tione

A. D_strlbute additional copies of DS_'s and BST's

to sites as soon as possible. (VI-B-_-a).

5-#
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5. Reports

a. Include in the Mercury Operations Directive,

61-1, a section entitled Reports, that describes the reports

. required from the sites during "down mlssion", "up mission"
J

and "post mission" periods. (VI-B-5).

6. Countdown

a. Consider the following changes in the Mercury-

# Atlas Network Count:
(1) Provide two 30-mlnute CADFISS - option

periods starting at T-2:lO and T-0:50. High speed checks,

Roll Call reruns or Data Flo_ tests (following extensive

holds) would be run during these periods at the discretion

of the Network Status Monitor. (VIII).

(2) Delete the requirement for a second BST-108

(Te±ety_e) because the teletype equipment performance is

being monitorea continuously.

(3) Include _l,w checks (abbreviated series 90

tests) in the CADFISS Roll Call if feasible. (VIII-C).

C. Personnel and Trainlng

lo Pets onnel

"-_ a. Establish a "cutoff dateV for site personnel

changes of approximately three weeks prior to a mission

launch date. A knowledgeable operator should be able _o

achieve acceptable proficlency on his assigned equipment I

_ and learn Mercury procedures in this time. (VI-C-1). !

5-5
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_ b. Provide a_sistance to the M&0 Supervisor to re-
• /

_eve him of certain administrative tasks so that he can de-
/
/ vote more time to operational _r:dtraining .duties. (VI-C-2).

2. Training

a° Provide VATS slmulation equipment at _ll sites

to permit realistic simulation training of acquisition, A/G

radioj and telemetry personnel.

b. Provide RAZEL equipment for training of radar

i crews at all sites with S-band radars. Develop and provide
I

i a RAZEL-type equipment for th_ _P_-I6 radars. The markedly
better performance of the radar teams at CYI and MUC can be

ascribed, in part, to the realistic simulation obtained by1
I

'_ using the RAZEL equipment. (VI-B-3-a).

c. Schedule site and network drills on a periodic

basisp between missions, to maintain personnel proficiency.

To provide reallsmj require the use of VATS and RAZEL simu-

lation equipment during such drills and, in the case of net-

il work drills, provide sites with simulation plans for setting
up the VATS and RAZEL equipment.

I d.. Provide the sites with final instruction manuals,
i

I DST's and BST's for the VATS and HAZEL equipment.
e. Continue to use the Mercury Test Aircraft for

4 .... (w-c-3)periodic site training aB _i as dynamic testing,
i

g. Establish formal procedures for evaluating site

equipment and M&O personnel performance du2ing network drills

and llvemlsslons. Provide sites with evaluation reports to

permit corrective action if required.

5-6
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Do Observation Procedures

lo It is recon_ended that the NASA group charged with

supervision of the Mercur_ Range deploy observers to sites

for future Mercury mlssions. Observation procedures slmi-

lar to th,_e employed in the M_-4 mission still appear ap-

propriate.

2o The observation period sh_ _ld coincide wltL the

Flight C_t_o_~er site activities. The time spent on site

) prior to the launch day produces valuable recommendatious

that can improve the present and future missions.

3. The following additional f_cilltles are recommended

at MCC to facilitate performance monltorlng:

a. Locate two ccmunication monitor positions be-

neath the viewing area of the Operations Room° One position

would be responsible for monitoring the local site loops

and the other position would be responsible for monitoring _

the network loops.

bo Provide a multi-channel tape recorder for the !

communicatlcu monltors_ four c_annels would be used to record

(1) GSC, (2_ FP#3 and (3) FP #5 loops and (4) observerfs

_ _omments for _ _a
ana_ys_ after the mission.

4. To increase the usefulness of the observations, the '_

equipment perfo_mance recordings, obtained from each site,

should be made available to be analyzed by the NASA Range _

--\ group. In this way, the kind of analysis given in Appendix D

can be performed to!ndlcate how the several systems at a

site we_e operating° i_

5-7
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°

!
I 5- The Date-Time-Group convention for the teletype mes-
i

.! gages used during the _-4 mission should be continued. The

start-of-message Date-Time-Group indicates the time of mes-

sage delivery to the comr_unica_ion center and the end-of-

message time group indicates the time when the teletype

6porator completed punching the message tape.
.°
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VI. NETWORK OBSERVATIONS
.°

In this _ecti.on3 the observations made during the

) (F-2)-day network drill and the (F-0)-day MA-4 launch of

September li'and 13, 1961 are summarized. They are categorized

.... as (A) Equipment, (B) Procedures, and (C) Personnel and

--- Training] The observations of the performance of the teletype
_z

.---\ system, CADFISS tests and telemetry system are given in

Sections VII, VIII and Appendix A, respectively.

A. Equipm nt Observations

_-- _l. Computer i
a. Goddard Computers

: !

-, The GSFC computers operated properly throughout the :

NCG-444 mission and the location of the capsule was known at

all times.

__s programmed, no use was made of data from the

Bermuda VERLORT in the on-llne computers (A and B) These
t

_ data were used successfully in the off-line computer (C) in

--the ".shortarc" computation and would have been used In re,

starting the on-lln@ computers if no radar data had been k

,:j recelved, from CYI. The Impact Point determined by the GSFC .. _--i:J

computer (32' ll' N, 61° 52' W) was about 1 mile frem.-thepoint " i;

where the USS Decatur plcked-up the space_vehicle (32° II' N,

61° 53' W) a_ determined by the ship's LORAN-equipment. _

. _

-- _
w

'" _6-I
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b. Bermuda Computer

The computer at BDA was late in providing its G0-
|

N0 GO declsion in the NCG-444 misslon. This was due, in part,

to the lateness of the FPS-16 radar in obtaining valid track

(T as well as the receipt by the computer of some

erroneous:VERLORT data whlch were still marked as "valid".

The errors in data resulted because the VERLORT was not in

automatic elevation a t this time. In addition, some computed

quantities (ECTRC and the associated recove_j area) were only

displayed momentarily. These were suspected to be the result

i _ of & program problem. _ne observer reported that durl.ug simu-
i

i latedmisslons the FPSbI6 was considered the prime computercontrol. Since the FPS-16 data were sent _irlng the first

mlsslonpass_ effectlve use _as therefore not made of the long

_ period off VERLORTvalid tracking. Since the computer didnot

receive _Bdar data during re-entry, it did not compute the

flnal Impact Point.

h _

2. Command Subsystem

_ a. Since the retro-rock@t_ were fired by the capsule
clock in the _-l_mlssion: the Informatlonon the performance

of thecommand_ system must be obtaine_ from the records that

were made in the space vehicle, and the-records at the sites

that sen_ commands, namely GYM, MCC and BDA. The results of

t_e detailed analysls of these records are not known by the
J

observers_ a_though the command equipment was reported working

and CNV reported t1_t their ground records indicated that the

appropriate eo_nds were transmitted.

._ i,.=
= ."

=

== _ ....
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h. At Guaymas, prior to the (F-2)-day network drill,

a command transmitter had-a DC breakdown in the final RFstage,

because of a shorted capacitor. As no replacement part was

---\ available at the site, emergency repairs were ma_e; a replace-
2

ment part was flown from CNV to Tucson for pickup by the site

personnel. The new capacitor assembly was installed and checked

out at T-16 hours of (F-O)-day.

_---._ 3. Acquisition Subsystem
_.,

" a. The performance of the Acquisition Aid is described

by noting that all sites _eceived telemetry from the space
v

vehicle (except HAW which was out of r.ange); even CAL (which

Is the next most remote site from the trajectory) bad tele-
l

metry contact for 4.2 mlnu_es. As expected, the Acquisition

Aid automatic tracking at low elevation angles was rough in

elevation but tracking was generally from horizon to horizon.
u

" b. At BDA, the Acquisition Aids at Town Hill and

Cooper's Island performed satisfactorily as far as signal

sensitivity was concerned. It should be noted that a parallax

problem will exist if the Town Hill Acquisition Aid is used

as the source of pointing data during a pass to the South of

._ BDA such as occurs during re-entry. --.

The Cooper's Island Acquisition Aid developed a

loose antenna feedpolnt during the first pass-leadlng to a
.o

series of radar acquisition problems but this c0ndltlon was

O correc.ted by 1_:35 GMT for use during r_-en_ry. It was stated
by the observers, that except for the antenna feedpoint problem,

the Acquisition Aid equlpment and personnel performed in an

acceptable manner duri_'g the MA-4 mlsslono

6-3
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c. Despite the satisfactory performance of the BDA

Acquisition Aid and Telemetry subsystems, late acquisition of

the vehicle by the radars occurred at Bermuda. Thus, although

TLMwas solid at BD_&t T + 3:04*, the first valid radar track

"(H8-16) was not until T + 5:32. Moreover, although the

Bermuda Acquisition Aid and the VERLORT radar were tracking,

the FPS-16 did not reacqulre the capsule after it lost track -

at T + 6:08 even thoug_ the AcquiSition Aid continued to track

untll T _ 10:22 and the VERLORT tracked until T + 10:14. It

appears that the Acquisition Data subsystem and bus equipment

and prdcedures require examination. The Electrospan llnk
.J

from Town Hill to Cooper's Island continues to be erratic in

operation. It was the observer's option that cr0sstalk ma_

i: be creating this disturbance.
a"

i d. At IOS, it was reported that the coaxial flt_ings
#

= on the Ac_ulsitlon Aid antenna hybrids (UHR 5-7)were corroded.

This was possibly because th_ modification for seallng these =

: connectors against moisture was not added until six months
J

after installation. A tempoFary repair was completed by

% mission time and new hybrids were ordered.

e. The observer at GYM reported that the A_ulsltlon
• v

Aid and Telemetry acquired and locked on without problems.

At 10:l_ G_Ponmisslon day, the "R" anter_a pedestal was re-

ported as not followlng the servos. The troable, located upon

*Time _after llft-off IS given in minutes and seconds.

°. ,,
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examination of the antenna, was that a limit switch had

failed causing the antenna to go through the mechanical

stops and pulling the cables from their terminals. The

. operator could have prevented this problem by._qowing the
2

extent of the cable wrap and limit switches and observing

his dials. The RF and synchro cables were repaired and re-

placed in time to participate in the mission.

) f. The VERLORT radar at the Canary Islands lost
signals at an outgoing range of about 215 nautical miles.

_- _.-

At thls time, reacqulsltion was shtempted by slaving to the

acquisition bus whereupon._ radar g!_wed,to an azimuth posi-

tion approximately 180° from the bus information.

The following s_quence of events is believed to

have caused this behavior. Initially, the Acquisition Aid

supplied the acquisition bus with pointing information which .

was used by the VERLORT radar and the remote synchro azimuth

dlal in the VERLORT van. When the _RLORT started tracking "

at approxlmately 745 nautical miles, the VERLORT was switched

from-the-a_qulsltion bus and the input to the remote dial in

the radar van was disconnected. During this period, the

_) VERLORT tracked-through an azimuth angle of approximately 160 °

When the VERLORT lost track, the Acquisition Aid was designaSed

as b_s source and the VERLORT was slave_ to the bus; the remote

dlal at this time was approximately_175 o from the true bus

_. information. The llne amplifier was loaded down bythls remote

dlal (synchro receiver) and the receiver acted as asource and _-

6-5 - I
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positioned the VERLORT radar approximately 180t from the true

bus position. This problem is believed to exist at all

VERLORT locations. Following the missi6n, the CYI personnel
C

confirmed this speculation and suggested changes to eliminate

the trouble.

4. Capsule yolce Subsystem

a. The performance of the air-to-ground voice sub-
%

system on both HF and UHF was excellent until the capsule /.
\

@topped transmission after Woomera. At all times, in this

lhterval , the capsule was being heard by at least one site
l

• (cf. Figure 6-3). It should be noted that the M_-_ mission

was the first time that the HF voice wasrecelved satlsfactor$1y

from a Mercury spacecraft since no HFhad been heard from

the prior Redstone capsules.
t

5. _ Timing Subsystem

The network timing Subsystems operated well during

the missi_;s with the following exceptions:

a. At BDA the timing marks On the radar plotboards

add on one channel of a telemetry Sanbornrecorder were lost

_" shortly before launch, resulting in a brief hold.- This hold

was oalled because it was indicated that there would be no

tlmlng information on the radar data sent to GSFC. BDA

quickly 20nfirmedthat theradar teletype timing data were

sa_Isfactor-yand the count was resumed_ The radar plot

timing marks were not _stored during t_e mission but suitable _

manual annotatlon was made on the VERLORT radar pl0tboard.
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b. The AHR countdown clock at MCC developed an

errer of i minute at lift-off.

6. Telemetry Subsystem

) a. The performance of the telemetry subsystem was

very satisfactory. Very strong _ignals were reported, for

example, 600 mlcrovolts maximum at BDA, and the horizon

was the only limitation to receiving telemetry at most sites.

Telemetry was being received from the spacecraft for all but
!)

25 minutes, of its 90 minute flight, of which 3 mlnutss was

caused by blackout during re-entry (of, Figure 6-1). The

major portion of this gap in coverage occurred between
Z

W0M and CTN=(7 minutes) and between CTN and CAL (9 minutes)

since the spacecraft was well below the horizon of _hese

sites for these periods.

b. All telemetered quantities appeared to have. been

received correctly with two excCptlons:

(I_) The I0S and ATS "capsule clock" readings

differed from thos_ of other sites by 1 second.

(2) A "fuel quantity" reading _t ATS was approxi-

mately 5 per cent higher than from other sites.

i"_ c. Figure 6-I indicates telemetry coverage during the

MA-4 mission. The data were obtained from the observer

re_orts except that, for sites without observers, the Infor-

mation was taken from the "PLIM" messages. ,
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7. Radar Subsystem

The radar oubsystem experienced the most difficulty

during the MA-4 mission. Specifically, the record, by site,
o_

of valid track is shown on FigUre 6-2. The plotted data

were obtained from the observer reports except at sites

where there were no observers and the _±_._ message data

were used.

a. The on!yradar that was not operating at llft-off /

on (F-0)-day was the MFQ-31 at EGL.wnich had a defective

transmitter.

b. The BDAVERLORT radar parametric preamplifier was

not worklng so the standard configuration of the VERLORT was

used. The pump klystron and the spare klystron for this

equipment had failed.

c. _t GYM, the radar receiver had a tube fail_re, ;
"L

during the _countdown for (F_2)-day network drill_ which

s_orted out some resistors. These were replaced and the

receiver wasback in operation, in t.ime for the slmulated

launch.

d. The difficulty of determlning, afte_ a mission,
b

the actual radar performance during the misslon suggests

-that.a meth_d be found in which the sequence of radar events

are recorded. It i_ proposed that the 5th character of the _

radar teletype e8R0, now"belng used only to denote validity

of _data, also be used to indicate-'_manual" or "a_tomatlc"

mode, and "acq_Islt!on bus" mbde in oi.der th_ _he radar tape

pr• ovlde the desired record. _-_-__

6-8
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e. Because only minor radar equipment prob].em_

were reported in completing the Detailed and Brief Systems

Tests, the more probable reasons for the poor performance

of the radar _ bsystem at several sites are operator pro-
)

cedures and _x_erience as discussed in Section VI-B.

8. Grounu Communications Subsystem

a. Teletype Equipment

-_ The performance of the teletype equipment at the

observed si_es was excellent during the _A-4 mission, (F-O)-

day; there were _o equipment troubles reported.

During the (F-2)-day network drill there were two

minor equipment troubles at MCC. The 28 ROTeletype machine

behind'the trend charts was inoperative for about I0 minutes

and the 28 RO machine on Circuit #19 was inoperative for

about three minutes. The troubles were quickly located and

cleared by the on-slte personnel. °

The ATS Point-to-Polnt H-Freceivers were reported

to have a noise problem due to arcing when ATS is transmitting.

b. Teletype Circuits

The teletype circuits performed satisfactorily i

_ during the entire exercise. The CADFISS test of the relay i

of CYI data through ATS was passed successfully-for the first

time on (F-o)-day. Difficulty was experienced in initially i
i

setting up this alternate circuit. The trouble was recognized i

__ to be in the Canary Island end of theclrcult and additional

instructions have been issued which, it is hoped, will remove

it.

69 '-- i
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Communications losses were experienced at the

following sites during the MA-4 launch day (NCG-444):

I. Texas lost communication for i0 minutes during

the countdown at 8:33 GMT. /

i 2. Cal_fornia lost communication for 3 minutes ats

l
the same time a_ Texas so that it failed some tests in the

CADFISS Roll Call. These tests were subsequently repeated

succes_fully. /-

3. ATS lost communication for about 2 minutes at

12_28 GMT.

' 4. GYM reported some garbling of messages for about

5 minutes at I_:49 GMT (T + 45 mins.) but no loss of communi-

i cations.i
i 5. The major circuit loss was on the Sidney to

; Vancouver cable (circuit 01) which was out for 1 hour,

i Ii minutes (8:44 GMT to 9:55 GMT) due to phasing troubles.
i
, In general_ despite a poor-to-fair propagation fore-

i cast, the teletype network performed better than in any other

previous exercise.

c. Voice System

The Voice Communication Network was much improved (

over previous exercises, but still had some problems. The

voice networkwas mainly "loud and clear", but at one time,

threatened to hold the launch when GYM responses to MCC were

" (i_not heard at MCC. The trouble was located in a key in the ..

SCAMA board at GSFC. The trouble was cleared prloz, to launch

by patching to by-pass the defectlvekey.

6-i0
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Another difficulty reported was the weak reception

from Woomera. This was later found to be in the land lines

between Adelaide and Woomera,

The monitor level appeared to drop at Bermuda when
i
J

SCAMA switched talk capability to the western sites. While

this condition is not enough to be considered serious, it is

felt that a system level adjustment before each mission would

improve the entire voice network.
• \

2
The only reported loss of voice communications between

MCC and GSFC was for about 1 minute at 15:_5 GMT.

O

O
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B. Procedures

l° Communlcatlo1_._Procedures

a. Observers reported that the Goddard-Conference

i) Circuit (PP.#I) transmission levels are not co._s-isten_from

site to site. The high• level from MC_ experienced during

the August drills was reduced, but the voice level was low

from W0M on (F-0)-day. The Flight Director reported W0M as

) . unreadable during parts of the plus-time mission, '
b. _e GYM voice transmissions on the GSFC

Conference Circuit (FP #i) were intermittently "blocked" to

MCC during the launch .count. The problem persisted for about

two hours. Although the defective equipments a key in the

GSFC SCANA beards was not located until after the misslon_ a

patching change was made that eliminated the problem about

30 minubes before launch. ',

' A solution mlght have been obtained more ex_edi--- ,

t!ously-if, (1)_GSFC had reported the problem to WASH l

without delay and (2) _he Inltia'l test efTort by WASH 1 had "

been _ore thorough since the first"report;'erroneously stated

that the difficulty was at GY_... . _,i

c, The_ extent of the launch-day.'!crltical covers,ge t' -

was not knewn _o personnel at GSFC or_MCC.-- No reports were

•required to Indlcate whether _"c_Itlaal coverage"-wag in • .:

effect or not. .

•" j_ -

l.__.

£
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d. Changes in mission documentation were made by

ISI's. Discrepancies occurred because, of _ifferent "llne

counting" methods employed by the originators and.the recipi-

ent_ of SVC messages sent to correct ISI me-ssage_. Sinbe
!

MG-102-15 defines .the "text" as the "message c-lassiflcation

(e.g., BRF) plus the body", confusion results when reference

i is made only to lines in the text in correcting messages.
i

e. The TTY s_stem did not receive Acquisition .-

, me'ssagesduring re-ent_y in Test NCG-444. Apparently, the
I"

'I output of the computer in the re_entry mode was not Connectedoj

_i- to the. TTY'system when the computer wa_ generating AQ messages
_i- _.
_ for .the U°.S. sites. The computer prlnt-out Indlcates the
-i

--i .. re-entry mode _Q.mes_ag_s,@or."B_A were Fenerated approximately
-.. . .

five minutes after re-entry computations began; these messages

_, wer_ blocked by _he operators _ GSFC because of inapp_opriate

'I instructions. -.
,_ " 2. Acqui_Itlon. Aid Procedures

, a. The capsule telemetry signal strength received by
_- _ -°

=| . ..

._ grot_nd stations w_s considerably higher than the pen recorder-

full scale'setting (T mlcrovolts) specified in the Data "

_" -A6qulsltlbn Plan.

..,b. The acquisition bus was not used at several sites

• for.re-asquisi_ion-of the capsule when tracking was 10st during "

-the pass;

C.

• w ,g, . .' ",2. "- - " _ " "
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c. Some sites commented that the automatic eleva-

tion tracking of the acquisition aid was rough at low angles,

as expected, beoause of multipath effects. Other sites

--- indicated that such rough tracking was overcome by using
"..)

manual elevation track below i0 degrees elevation.

,. 3. Radar Procedures

a. A digest of the observer reports and other

information obtained on site radar performance follows:

The Bermuda observer reported that-the FPS-16 had

approximately 20 seconds of valid track during the first pass

of the capsule and none during the re-entry. A review of the

AGC-record indicated a highly fluctuating received signal

strength that may have resulted from lobes in the capsule's _.

antenna pattern.

It was the observer's opinion t_t the Bermuda _

FPS-16 radar crew needsconsiderable training in the acquisi- i

tion and tracking of targets whose trajectories generate !-i

high rates of azimuth, elevation-_nd range..This could be "_
. #

done by use cf an instrumented aircraft and/or the develop- _"

_ ment of a radar simulator, llke the RAZEL, for the FPS-16 ._._

radar. ' -_°

The VERLORT_a.dar _rovlded # minutes .of solid

track dumlng the first pass of the capsule. The parametric

D . preamplifier was not-operating, during this mission. _

6-I?
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During the re-entry phase the VEBLORT operators

saw bursts of "rabbits" three times_ but could not acquire

track. The capsule had been ac_lired and tracked by the

Town Hill acquisition aid. Despite thla._ it was noted that

t_e data source used for radar acqtlisi_ion _as the manual

input handwheels. The operator explained that the Electro-

span equipment was n_t functioning properly and that the ADC

operator was manually follewing the Town Hill indications.

This was evidenced by erratic movements in both azimuth and

elevation. It was the op_.nion of the observers that, if the

_.i, ac_uisitionbus had been operating properly, the probability

•! .of acquisition by the radar would have been greatly increased.
"! ..

t! TheBermuda VERLORT radar did not participate in

)°J Test NCG-_24_BB. Although RAZELwas_.available, priority was
!

-. r

given to maintenance of the sync_hro circuitry associated
°:i

j with the acquisition system.

_._ .WOM

I _The the absence of the
cause.of tracking by

FPS-16 radar during Test NCG-4_4 is not known. The radar

I Was checked after the pass, indicating it was operating

properly. O_erator-inexperienoe is suspected to be the

cause of the trouble as it was the first time the site

attempted to track an orbital velocity target. It should

be noted that this radar was not made available for any of

the network drills in either August or September _henthe

MA-_ mission wa_ simulated.

' 6-18
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GY_,I

The observer reported that the GYM VERLORT

radar was unable to acquire and track the capsule in Test

NCG-444 for u_uknown reasons. The radar operators indicated
)

that they manually searched in range and frequency and saw

the capsule signal but could not lock on when they switched

to automatic frequency control, indicating a possible opera-

_ tor error In adjustment of the radar receiver.

"'" TEX

The TEX observer reported that there were trouble

areas in the radar equipments, procedures and operations, i

An analysis of the radar data transmitted to GSFC from the

TEX l_ERLORT-radar during the MA-4 mission (NCGJ444) is i

included as Appendix D of this report.

The analysis indicates that the capsule was

acquired and tracked but was lost when the radar was coasting _'

through the transmitted pulse in accordance with the radar

handover procedures. At the same time, the elevation

encoder apparently failed so data sent to GS_:Cwere in error.

On re-acqulsltlon, the transmltted range was in error by one i....
|.

O range interval, because of an operator error. It is also
apparent that no use was made of the acquisition bus when :_!'$.

W

the radar lost track. _

-
6-19 :=_
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EGL

Active tracking by the FPS-16 radar v_

reported to have been late in _ta_'ting because of the un-

certainty as to whether the radar handover procedures per-

-I mitted i_. Nevertheless, the data obtalnedwere of good

quality and-per:'_ted the computer to make a good.deter-

m.ination of the Inpact Point of the capsule. Au. anatysi_

" of the radar teletype data transmitted to GSFC from EGL

is enclosed as Appendlx E.

_! b. In future mlsslons_ the tape from the radar :.
28 R0 telet_2pe l_chl.ne should:be collea'ced as part of the

!. ._Ission data. This tape ccntain_ radar position-data re-
.-%.- . •

_v_ gardless of whether the radar is in valid track or- trans-

gg_ mltting to GSFC. Analysis of this •record would establish

-_*:_ _ actual radar positioning snd operator perfo_mance.

_-_- c. A standardized procedures for adjusting the

_:_ _ radar servo amplifier gain is required. Some sites report
4-

_ - : that adJjtstment is made by "feel"; other sites uae the 2
- function recorders for a "volts per mil" change;-and a third

D

.- .method:is"adJu_.tment forproper _ overshoot.

d. Cape Canaveral reported that the determination

o2 the ra, _r mld-fre.queney required to ingerrogate the

.... _p_-le be_c6n i:snot accurate because of....the,_short_,time ._. --

-- -that the-capsule-beacon is available for th:L_-measurement_

_d the:warm-up time of the capsule-beacon. During the --

- lmterr_l Pcwer che:c._ of the cnpsule prior to launch, there-

is not sufflc_ent,.,time to recheck" the interrogate frequer_y

, but 0nly time tocheck .for _ignal strength similar.to that -'
. . . . -.;

". -_h@n the cap_uie, beacon is on external"pow2r. "; . . . _ _

i"o.,_0
/ -

- _ _ -- . .. .- . :.

.:,.,_:._..--_..-,....-'__.... -._." ,. -_
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e. Many sites reported that there was not sufficient

tlme to check the radar interrogate mld-frequency and, there-

fore, the value given in the Summary (SUM) message report was

one they had previously received.

f. Observers at the sites involved reported un2atls-

factory operation of the radar handover net. The GSFC

conference loop was in almost continual use by the Flight

Controllers during the S-band radar handover period during

Test NCG-4_.

It has been reported that the S'-band beacons

: used in the future spacecraft will not have a lockout problem,

: so that several radars can interrogate the beacon with negll-

glble interference. If such beacons become available, the

handover procedures should be re-examined and simplified to

minimize the requirements for a radar S-band voice circuit, i

If such beacons are not available, independent voice communi-

cation_ for S-band radar handover should be established and

a Radar Controller should be stationed at MCC to coordlnate i-s

the handover procedures, i

•.. g. The Cape Canaveral .S-band radar operator was not

(-._ informed that the Eglin. MPQ-31 radar was inoperative. This
\- 1

. indica%es a communications problem wl-thln AMR.

4. Documentation

:: a. More copies of the latest issues of the Brief

%-)/__h •System Tests and_Detailed System Tests are required at t_e
sites since the copies provided have been used. ;

• . |
I-

6-_
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b. The ISI technique for issuing instructions or for

ch&nging mission documentation appeared satlsfactory. The

large number of ISI's issued in the NCG-444 test series

reflects the preliminary state of the mission documentation;

most ISI's requlre that the on Site documents be corrected

by hand.

5• Reports

a. Sites were required to send several reports to
(
\

central control points. Required reports included Ststus

Message_, Post Launch InformatiG_oMessages, Detailed Post

: Launch Re'ports; _dar Performance and "Communication Tech-

niclan records_ The number and c6ntents of these required

reports resul:ted in much duplication and probably some un-

necessary data preparation.

b. The mission documentation does not state titles 2

planned dates or dlstr±butlor_ of the post-misslon reports

that slm_narlze the performance of the network during a

mission.

_- - "6, Coimtdown ":
+

- a. The Network Countdown was quite adequate for the

MAJ4 mission and _s probably appropri&te to future MA C

missions, j

b. The time requirements on the CNV FPS-16 during

the T-5:00 to T-B:O0 perlod wera coordinated satisfactorily

" am_.ng the organizations issuing i(F-O)-day counts; the radar _
is requlred_ serially, to suppbrt (i) capsule beacon abscks,

(2) AMR slew checks, (3) UADFISS Roll-Call and (]4)to observe

RF silence during the capsule destruct box hookup.

6-_Z
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7. Miscellaneous

a. The site recordings were promptly removed from

the site following the MA-4 mission. These records, or suit-

able copies, would be valuable to the site as training aids

and to foster a critical analysis of the site performance.

Each subsystem group might be expected to correlate the equip-

ment performance and personnel operations with the over-all

subsystem effectiveness.

) b. _e Command carrier was kept on at San Salvador

(AMR) for 8 minutes 2 seconds after the time specifle_ in the
i

Command Handover Docum@ntatlon through an operator error.

r

J . -
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C. Perso.rn_el"_nd Training

I. It was reported that N_Opersonnel at some sites._had

not been on site for a sufficient length of time to develop

acceptable proficiency. .;

2. At several sites, the M&0 supervlsor's operational

proficiency is severely reduced by his administrative burdens.

Unless the M&O Supervisor, during the two weeks prior to

•launch, can.devote his full atte.ntlon to the operational

areas, which include equipment status, site/network drillS,

System. tests, mission documentation, individual operator

readiness , briefings _(_briefings, the site's performance

_:-! w..i.1S -be severely handlcapped.
| • ,

i , 3: Site operational readiness could be improved,, an_

._ Confidende of site capabilities could be obtained, by supple-

•menting orbital mlssions and network drills wlth _nS.trumented

l -aircraft visits scheduled on a periodic basis. " .

g. Several radar operator errors-may ba attributed to a

-1 lack of experience in track_g orbital vehicles. A site-by-._

site comparlson of-tracking performance indicated that VERLORT ._.

operators trained on the RAZEL simulation equipment (at BDA,

CYI and MU_) were more capable than the operators that did _.

not-have this device, on site.

5. ATS ._eports that a relief teletype operator has _been

added to the 1_0 team as previously recommended.

J

j. -

• -_ .%.-.. .: _ : ... .-
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VII. ANALYSIS OF TELETYPE TRAFFIC

A. General

;_ This section of the report summarizes the analysis

of the speed and accuracy of teletype message flow" during

the MA-4 flight (NCG-444) and its previous simulation

(NCG-444BB). The analysis is mainly based upon the TTY

_:-_. Message Summary Reports prepared by the observers at the vari-
_J

ous sites. These reports were submitted for the NC_-444BB

simulation on September ll, 1961, and the NCG-_4_ (MA-_)

mission. Tables were prepared from these reports which present

the significant information in a concise form. The tables are

complete, giving message data from llft-off to •the end. of the

mission, except for Texas on Test NCG-44_BB, This lack of

a report from Texas on September ll, 1961, was due to damage

from Hurrlcan Carla.

B. Traffic Analysis

The _nalysis was made in twd ways: (1) Informatio_

• flow, and (2) message transmission time. The dual analysis

Was madeto obtaln measures of both the performance, of the

e -overall system, including apzplicable human factors, and the i

performance of the teletype •system alone. Information flow,_

which deals" with the overall system, is discussed _.rst;

:, followed by message transmission t_e_ which reflects the

O teletype system performance alobe. _ i

\
% .

J
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|

I. Information Flow
Z

Inform_tlon flow time is-defined as the interval

between the delivery of a handwrit•ten message to the communi-

cations room at the sending site, and the receipt of the

completed message at the receiving site. The first Date-Time-
!

Group on each message gives the time stamped on the hand-

written message when it is delivered to the communications

t
room. In the communications room a teletype operator takes ._

L
the handwrit.ten c.opy and prepares a punched tape which#

"l

when completed,, is sent oven the teletype circuit. At the

il : recei.v.i..ngsite the comple_-telyreceived message is torn offand..t_hen.time s.tamped,w!.th the time of receipt. Both of.

the_.e-_tlmes,i.e. • _the f.i_stDa.te-Time-Group, and the re-

d ceived time stamp_ are given .In.hours an_minutes. "

_i It will be noted from Table 7"-i for Test NC_.4 .....

i! .that the greatest proportion of the messages ..fallinto the.

_ 0--5minute information flow time class. Spe.cific.ally, ...

o •about•86%* iof _he_messages are in-the 0'-5 minut_ class, 14%

:_! _ are.i_ .th_.5-10_-minute class and les-s than 0.5% ._re _n the

" greater than I0 ._n_te class. Since message .processing --

at-the.sen_ing, site requires ..severalminutes, the indicated (

performance was .very good:.

•The pen.oentages quot:ed throughout thls.:seetion,are ex_c.luslve

of the undetermlned, messages which are assumed to-ha distr-lbuted
-. z

in the same manner as those in the other c_lumns.

7-2
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Table 7-2 gives sim_iar information flow data on

Test NCG-444BB. It was noted _hat the-total number of

messages was considerably less (about one-haif) for the

O simulation (444BB) as compared to tne llve mission (444). If

percentages are considered instead of absolute numbers, a

much closer agreement Is evidenced. Specifically, the live

mission placed 86%, 14%, <0.5% in the 0-5, 5-10, _10 minute

_D classes respectlvely, and the simulation placed 89%, 10%,--

i% _in. tLe 0-5, 5-I_ >10 minute classes respectively.
!

2. Mes@age-Transmlssion ,;Time ..

Message Transmlssion Time•provides a measure-of-the i1

performance of the teletype-system alone, exclusive ofmost _. !
•

human factors. I_ is measured by determining the time- i

interval between that given in the Date-Time-Group at the .....: !_

end_of.the message and the received time Indicate_-by the

time stamp at the receivlng-.s_te_.-..-_ _.. "': ...." , o

7- .'::.. .; '.
L

The time indicated by _he Date-Time-Group at the i
t'
|

end of the message_ corresponds to the time when the teletype

operator c-ompleted punching the message tapeo If the message

• tape is immediately transmltted and the message is.promptly. _:

time-_tamped at the receiving site, the differeace between

these times isan accurat@measure of the transmission _Ime,'_ .-

TheseQofidltioms were assumed-in-this analysis so that"the , _ -

-•'-reported measured times are equal•to or greater _han the - :_:

actual me-ssage-transmlsslon times,,. -" .J .:_'"
r -- _.[''_:

-""......" '-':'a.;'.'7-3 :,.
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Message Transmission Time is composed of two parts.

The first part is the time required to transmit the message.

The second part is the delay that may be encountered en route

due to circuit sharing, s_'itching, transmission speed changes (!
i

and ARQ error checking equipment. In general, the second

part is considerably smaller than the first.

The right hand portion of Table 7_1 gives the Message

Transmission data on the llve mission (Test 444). It will be

noted that K_ large portlon of the messages fall into the lower

timgclasses indicating short transmission times for a large

number of messages. Many of the messages in the OJ1 and 1-2

minute classes have not experlenced any signlficant delays

because these times are commensurate with message lengths.
k

The _rlght hand portion ofT able T-2 gives the Message

Trahsmission data on the NCG_444BB slmulatlon. It will be

noted that a larger percentage of the messages fell into the

lower time cells than on the llve mission. Specifically, the

live mlsSion placed about 60% of t_e messages in the O-1 and

1-2 celis combined_ while the BB simulation placed about_ T9%

i_ these cells. In other words, the data seem to indlcate a

greater Percentage of longer message transmissio_ times on (

the live_misslon day than on the simul_ti6n. Initially, it

was ought that th_s was due to the Increased load carrled

on the_Ive mission day, whlch_was almost twice that carried

on the BB simulati0n day. However, further analysls is re-

quired to substan_lat_ this bhypotheslso

1

.f
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3. Lost and Garbled Messages

The proportion of garbled messages occurring during

Test NCG-444 was small, being only about 0.5%. This was

: better than some of the previous network drills in which garbled

messages represented 1%-3% of the total.

As in the case of the previous simulations, there

were no lost-messagesreported for the live mission. This can

0 be attributed to the excellent performance of the teletyp@

system, .Includi__ghuman factors, and the message accountability

system.

":

4. Radar Data Messages :< ._

The performance of the teletype system was excellent -.

in the timeliness of its handling of rad&r data. Although

radar was missing from several sites on the live mission, it i

was not attributable to communications. Transmission delays*

were quite small_ It will be noted in Table 7-3that the /•

6 raw-radar transmissions were delayed less than l0 seconds
.

by the communications system. The_transmlsslaus showing

greater delays were the smoothed radar data from the Bermuda il-

and do not represent communication delays. [computer

()
!

*Transmission delay is defined as .(T1-To), where T1 is the

record@d tlme-of recelpt, at Goddard, of the first character-

of the message. TO is the tline indicated in th_ first llne

_(_). of the _adar message, which Is.the time the message, started

transmlsslon_ _rom t_e sending •site.

7_5
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" . TT_ere was only i line out of 3_6 lines of radar datathat contained an obvious error. This figure was obtained by

examining the Goddard RO page copies of radsr data for obvious

i errors, such as garbled line or letters in place of f_gures.
• It should be noted that errors that would change a digit from

'i

I one va2ue to another could.not be determined in this way.

The delays and errors ofradar messages for the

Test 4g4BB network drill, shown on Table 7-3, are somewhat (.

•greater than for-the live misslo_. It_ill be noted that

• -. no messages are In the O-lO second class for the drill and

•"3 lines of-565 lines of radar data had obvious errors. The

.#I' " reason for-the apparent increased delay during drills was the-I
_:i _struction te the sites to delay transmission of simulated

:Q_:_ .radar tapes by at least 15 seconds

:_i " Co /_alysis.of __lemetrN Summary Messa. eg._.

_ An important aspect of a TLM Summary (SUM) message

i.i_ _sthe timeliness of itsreceipt at the Nercury Coztrol

Center (MCC) and at succeeding _Ites. -This message is impor=

._ tant because it perJl_2.ts Flight Controllers to evaluate the

_ state of the space vehicle and its occupant and toestablish. "

the _rends of telemetered data and also provides capsule

frequencies to the Malnt_nance _nd Operatlons (N_O) personnelm |.

Rrlor-to capsule contact. Ta.ble 7-4 sho_s the tlmellnessJof

delivery of the SUM m@-ssages durlng Test NOG-gg4.

-.. -The times.listed in the_tables are .in minutes from •

•_±ft-off0 The first column gives the telemetry contact"time,

_ fo_axample, Bermada estabii_hed telemetry contact with the
: . 7-6
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capsule at 3 mlnu_es and 4 seconds afte_._2i_t-off. The

second column gives the time of loss of the telemetry signal

. (LOS) at the sites. The third column gives the time of

.) arrival of the SUM message at the co_m_uicatlons center of -

the originating site. The fourth coluKm_ is the difference

between columns 2 and 3 which is the time interval between

LOS at the site and arrival time of the SUM message at the

) communication center of the originating site. The fifth

column gives the receipt time of the SUM_ssage at MCC.

This time, instead of the receipt time at all sites, was

used because of its availability and its close approximation

to the actual receipt time at other sites. This time is a

close .approximation since SUM messages are automatically

broadcast outward from Goddard asthey are coming in, The

broadcas_ transmission lags the incoming message to be broad-

cast by about one second. Column 6 gives the first site to

receive the SON in time to extract its data prior to midpass .•

of the capsule over the site. The seventh column gives the ••

number of the first s_cceedlng site in the-capsule orbit, i:_

with reference to the originating site, that w_s able to

- u_e the SUM prior to _apsule mldpass. ! _

It will be noted from Table 7-4, that in many cases ._.-

the second succeeding site in the orbit was able to use the

SUM message. In some ca_es, such as Zanzibar_ the first _:_
v:

....- i-¢

t"_
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-]

.

su_ceedlng site, i.e., the Indian Ocean Ship, received the

S_JM message prior to midpass.. It should be noted that the

i_ -_ Canary Islands site was able to use the Bermuda SUM message.

I It should be rioted that the Sb_ message from CTN was -
-_ i r.

i': _ the last to be received prior to the Capsule pass by all of
_°=L

, , the U.S: sit_s because of the close spacing.of the sites.

However, thls would not affect range operations becauae all
.>- !
-_. i of these sites are connected by the Goddard Voice Conference f

_- i Loop so that any abnormal'data telemetered from the capsule

_".:. would be quic.kly disseminated by voice as Well as by SPE :

_,_: teletype messages.
. - .- _ C

_i-i The time from LOS to message delivery Into the corn-t---=

_-.-i- munlcations center at -the originating site is a measure of

_- I --
._.__.. the time used by the-slte In preparing its SDM message. .This
S.,-I.-.
-:.__ is shown in column 4 of Table Y-_. These times are of the

!_Ic same order as those obtained in network drills To ge.ta

•. quantitative measure of comparison, average $5_ message pre-

_J paratlon blmes were ob_alned for each-network drill from

_ NCG-4h4G. In rank order as follows
_through- Y and arranged

il  ns. (NCG-gg4F-2 _.0 mins.

_._ NCG-_E-I . 3.9 mlns.

_ - NCG-_G- . 3.6 mins.

_ NCG-4_F-I 3.0 mlns[.
_Z. --

"_] NCG-_Y i. 8 mins.

J_i NCG_4B O.6 mlns.

--
._. -- T-8
:i
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_ne average time from LOS to message delivery into

the co_n_icatlons center at the orlglnatlr_ site for the

HCG-444 llve mission was computed as 3.4 minutes. In terms

of the above rank order it would fall between the F-1 and

/
.... the 6 simulations.

The SUM _essages, as well as others, are subject

to delays, therefore the time interval fromLOS to the

receipt of the SUM message at MCC is significant, since it

J serves as a measure of the SUM message flow to'all sites_

Table 7-5 gives the times from LOS.to the receipt of the

SUM at MCC. Column i gives the times for the NCG-4_ mission

and column 2 gives the average times for the network drills-
i

NCG-444G through Y.
I

It will be noted that the times are comparable* with

some sites being better for the live mission, and some _-eing

better for the network drills. For example, BDA is seen to _

be a little better for the live mlssi@n with a time of 6

m_u_tes 22 seconds as contrasted with 7 minutes and _2 seconds

for the network drills. ATS Is noted to be slightly worse
i"

for.the llve .mlss_on_ It was gratifying in the case of CYI I:

_D to notice the.much better performance for the live mission
wlth-a .time.of 5:40 as-opposed to 9:36 forthe average of the

d%lils.

*_Is was checkedby applying a statistical significance test

_ -
to th. mea'._ of the two columns. No significan_ difference

was revealed because the difference in the means was l_ss than-

the difference expected in normal random s_ampllng.

- 7-9 •
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. In general, the-c_ver-all performance of the man-

machine system in ha_dling S_ messages during the live

I MA-4 mission wa_-quite comparable to _he performances

demonstrated during the previous network drills . ,

i

_'."

_. °
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-] VIIIo CADFISS TESTS
/

A° General

In this section of the report, the CADFISS Roll

Call and Data Flow Tests conducted on Sept. ll (NCG444BB)

and Sept° 13 (NA-4 Mission Day) are revlew_d_ The Roll

\ Call andData Flow Tests conducted during earlier NA_

simulations (Aug. 15 through Aug° 25) are included in the

report for that period. Th_ tests conducted on Sept. 9

(NCG4$4DD) were outside the observation periods, and are

not included in either report. However, a quick review of

results for Test NCG_4_DD indicated no unusual happ._nings. !

The program and computers worked well during the i

CADFISS tests in the NCG444BB and NCGI_4. The same p_ogram

was usad as had been used during the August network drills.

Site readiness, as-measured by CADFISS tests, was good_ On

both days the C_DFISS Roll call and the Data Flow tests op-

erated successfully and expeditiously.

_ Some a_nfusion arose concerning the purpose and
_ J

scheduling of the two Data Flow periods in the Network Count. _

The o. Lginal intent was for these to be option periods - the

choice of option being selected by the Network Status Monitor.

8_'1
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Possible options are:!) Rertuns of test failed during the Roll Call

I 2) Reruns of tests with sites indicating a change

of status since the Roll Call

" 3) Data Flow _onfldence tests (These are series 40

_ radar tests, and would generally be run only if

_ there were holds of substantial length, to insure
/

t that the data flow network had not deteriorated
!

"! during the hold)
i

!_i 4) High speed tests between GSFC and MCC.

The intent of these Data Flow periods was apparently

_! misinterpreted. It was later stated that network series 40

'. Data Flow tests were required by the Network countdown. To

_:_ countermand this interpretation, ISI No. 16 (issued Aug. 22)

m-_!

_;I stated that Data Flow periods were to be used on._q_y_fortests

--_I failed during the Roll Call. This IS_ was not followed on

mlsslon day2 when network series 40 tests were run at T-0:50

ill following about one hour of holds. The recommended procedure

for future missions is to state the options available and

_;', ..leave the decision to the Network Status Monitor.

B. Results )_ Site ' _

i:_ This section summarlzes CADFISS results at each

site for the two days of tests.

_ B___ .._e results of the 20 series tests of the

primary teletype circuits (09 and 10)were good, whlle the C

-back-up circuits (USA2-01 and USAF-02) had intermlttent

8-2
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garbling. The VERLORT tL_f_edout on Roll Call test 41 in

Test 444BB, but passed the rer_n. An incorrect patch during

the second _ta Flow period during NCG444 resulted in time-
F

outs for tests 41 and 42 on clrcuits 09 and USAF-01. The

radar performance appeared satisfactory, since the tlme-outs

were ascribed to non-radar causes.

ATS - All teletype test.s were successes.

CYI - Teletype test results were better than dur-

ing the earlier MA-4 slmulat_ons. Back-up circuit 16 via

ATS had some garbling in Test 444BB, but only a single

character error was noted from CYI in Test 444. The VEPJ_ORT

radar tests were generally Satisfactory.

KN0 - All teletype tests were successes.

ZZB - Te__etype tests or mission day were successes.

A single character error was observed at GSFC in Test 444BB.

I0S - All teletype tests were successes.

MUC - A single character error was observed at _C

on clrcait 01 in Test 444. All other teletype tests, and

all radar tests were successes.

(_ W0M - -The teletype test in Test 444 was a failure

on circuit 01 to WOM, with many errorsnoted. It was a suc-

cess on circuit 02. In NCG_4BB, teletype tests were suc-

cesses on both circuits. Radar responses during NCG_4BB

3( were from precut tapes. They were llve in NCG444 and were
successful. W0M reported its FPS-16 "red" at 09:20GMT during

8--3
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!
j

Test NCG_4. For this reasons a rerun was requested in the

first Data Flow period. This time the test (_2 only) was

T successful.

CTN- A s__r_le c_haracter was received in error

duri_ teletype t_sts at GSFC in Test _d_. Teletype tests

were successful durir_ Test _BB.

HAW - All _e!etype tests were successes. Radar

boresi_ht tests wer_ all successes in Test .h_4. During NCG
l

_- _HB IRACQ mo_%fications to the FPS-16 prevented its par-

tlcipation. The site still does not have range targets for

either radar.

•CAL - All teZetype bests were successes. All

radar tests during NCG444_B were successes. On mission day

(Test 44_) tests 42 and 81 were failed during the Rcl! Callj

iI but were successes on the r_. The trouble was attributed

to circuit problems that developed after the 20 series tests.

- All teletype and radar boresight tests were

success_!. The site does not have a range target.

I WHS- All tests were successful. The radar re--!

_! sponses to Roll Call tests 42 and 82 during NCG_4BB were

i:_ from precut tape s_nce there was a radar-to-teletype eq,aip-ment outage at that time. The reruns with live data during
d

the Data Flow period were successful.

T_- All tests were successes on mission day

(Test _$_). TEXdid not participate in any tests in NCG

_BB because Of Hurricane Carla.

z
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EG__L- All radar and teletype tests were successes.

C° Discussion of Results

- The CADFISS test results _ud the site status re-
"r

!

ports both indicated a high degree of network readiness

on the MA-4misslon day. _ne actual radar tracking results

were not gccd° A question can therefore be asked of the

usefulness of the CADFISS tests in predicting network readi-

ness It must be _e_embered, however_ that many factors

not tested by CADFISS are Importmnt to good radar performance.

Among these are trar_mitter and receiver performance, dynamic

respcnse_ _ud operator procedures and training• Th6 first

two of these are examined in the BST's and DST's. _here is

considerable evidence to indicate that the last of these

causes was primarily responsible for the disappointing radar

showing. The present CADFISS tests do serve useful func-
z

tions in checking data flow paths (most importantly the radar- I

teletype= and teletype-computer interfaces) and radar callbra-

tion.

Considerablon should be given to inclusion of

D dynamic (slew) checks in the CADFISS Roll Call. CADFISS slew
checks are available as 90 series tests but have been used :_

only for non-mlssion tests. Tests 91 and 92 are clockwise _'_"

and counterclockwise slew checks for the VERLORT radar_ i_!

fh tests 93 and 94 are the same for the FPS-16 radar. Each test I_=
_) i

requires 40 frames, or four mlnutes3 of radar data. Therefore, i!

f_
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.o

.-.. _ ...

|
to run all slew tests with a dual radar site having only on_

teletype llne would add at least 16 minutes to the running

time of the Roll Call at that site. It would be desirable-

to have shorter slew checks for mission tests.

With slew checks of perhaps two minutes per test,

i .......... be possible to complete a Roll Call in less than
!

one hour_ provided that reruns were deferred to a later
i
i test period.

-_ The failures with CAL in the Roll Call test dur-
-._

• _ Ing NC_444 demonstrated that critical communication coverage

i had not been instituted at GAL at the h_me of the RollJ
J
, Call test. Whether such coverage would have prevented the

_-_LI_I- failure is debatable.
_ _|

_I The time explrations-at BDA during the last Data

I Flow period of Test NCG_44 are somewhat dlst.urblng. The

_-_i., cause of the time-outs was stated to be an incorrect tele-

_-_-.-i type patch at BDA, and based on this information, no rerun

_i -was requested. The incorrect patch was made at the co_muni-

_;l cations, carrier terminal in Bermuda, not at the site. This

!
_) raises doubt that the safeguards against such an incorrect

patch are adequate. T_e Data Flow test was not expected to

i be run, and was ranl only because of holds in the co_t. It

o

is possible that the incorrect patch would not have been

discovered prlor, to llft-off if it had not been for the _ta

Flow test.
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At least two messages were sent during the period

in which teletype traffic was restricted for the second

CADFISS Data Flow test of NCG4_. These were a 1200Z GEN

from ATS and a 1219Z STAT from GYM. Neither caused any ap-

parent difficulties in the running of th_ Data Flow test.

The first was received before the start of the test, and

the second probably was sent after _he finish of the test

at GYM. Howeverj the restricted period lasted from ll55GMT

to 1226GMT. It is quite _bable that short TTYmessages

would not interfere with CADFISS testing_ empirical data

should be obtained during network drills to determine the

feasibility of _hls possible easing of the restrictions on

TTY traffic during CADFISS tests.
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APPENDIX A

Bermuda Telemetry Observations

h
.j

The following are excerpts from a report* made to

Bell Telephone L_boratorles by Mm. T. J. Hoban of Sandla

Corporation who observed the performance of the telemetry

h equipment at the Bermuda site for the (F-2)-day network
J

drill and the Mercury-Atlas _ (F-O)-day, September ll and

13, 1961 re'spectlvely.
t

"i. Equipment Pe'rformance

MA.-4 Mission, September 13 - A malfunction in the

timing distribution system caused loss of the 1 per 6-second

timing signals to the radar plotboards. A short hold resulted

until it was discovered that timing signals were being recorded

on the radar data being sent to GSFC and would not result_in:V.1

loss of data. The mission was, therefore, completed without

effectlng repair. Otherwise, the MA-4 operation was extremely

smooth with surprisingly few difficulties. 'Telemetry acqulzl-

tion was made approximately 30 seconds earlier than was anticl-

(i_ ..pated. "

*The report by Mr. T. J. Hoban also contained observations ._"

made during the MA-_ network drills in August, 1961 which were

.., included as Appendix A of the "Report on Observations of the

Mercury Ground Range during the MA-4 Network Exercises of

August 15-25,-1961_" -- :_

A-1 _,
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During the first overhead pass TL-M contact was main-

tained for 8 minutes. Maximum signal strength was 600 micro-

volts, signal strengths at acquisition and loss-of-slgnal

were reported as 150 mlcrovolts. Except for two very short

RF fade_ noted while monitoring the TMI signal analyzer, the

signal .quality was very good. .

-During the re-entry phase, TLM contact was again

maintained-for approxlmately 8 minutes. RF signal levels (

were considerably less than those received on the first pass

and the last 3 minutes of contact were extremely intermittent,

probably due to multipath reflections and perhaps capsule

antennae pattern. The last telemetered signal to be positively

i_I confirmed waft "Drogue Chute Deploy"; shortly after this time,

_-E, RF fading became so severe and frequent that the decommutator

was not able to maintain synchronization. Maximum signal

i_..j strength was 250 microvolts on the low frequency llnk and 300

_ microvolts on the high frequency link.

_ 2. Personnel.Performance
l

_, _o of the TLM operators had been recently assigned

_I to the telemetering operation and were somewhat lacking in
experience; however, they handled their operational assign-

ments well, except that adjustment of tape recorder levels

during the MA-4 mission could have been made sooner and

should have been monitored more frequently F_lfunctionsf_
t_

which occurred during the countdowns were handled rapidly _

" and with minimum c_nfusion..

A_.2
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3. Procedures

Information is not available at all sites for annota-

) tlon of the pen recorder charts per instructions in the MA-4

Data Acquisition Plan, in particular, Items 2 and 3.

4. Recommendations

Permission should be granted to the TLM station

"_ :: operators to play hack the recorded magnetic tapes as a means"

_ of deSermining the quality of the actual recorded signals in

comparison to the real time signals. Any degradation in

quality (if any exists) of the recorded signal could then be

noted and relayed to the data playba2_': station. If problems

in this area happen to exist, they would be immediately

determined and corrected. Of course, if this permission were

granted, extreme oaution would be necessary to prevent acci-

dental recording of other data on the tape.

There has been some difference of opinion expressed

by MCC and BDA telemetry operators in regard to the desira-

bility of operating the decommutators with or without the

Zero and Gain correction servos. (cf. TWX messages 21/I_59Z

O from Mr. L. E. Packham, dated 9/21/61). As I see the problem,

the basic difference has to do with the recovery time of the

decommutator during intermittent RF signal conditions. I

believe that the BDA telemetry tape from the MA-4 (NCG-444)

F_ mission would be Ideal for determining which mode of operation
tJ
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would be superior, because of the intermittent data received

durln_ the last three minutes due to RF fading. Playbacks!

_ of this tape with the servo system in and out should show

: whether more data is recovered without the servo in because

of faster recover_ of the sync circuits in this mode. The

BDA deco_mutator was operated with the servo system in for

! Test NCG-44_ and it is evident that during the last three

minutes the decommutator was not in sync most oT this time.

Whether this would improve in the manual mode is unknown.

The benefits of operating with the servo in are:

More accurate data is obtained and the operator's attention
-°.

is not required for manual adjustment of the Zero and Gain

correction. Operation without the servo wii_._e_it in

faster recovery of syncb_o_izatlon during RF dropouts and_

therefore, a more significant amo_ut _f data m_y be obtained.

i! However, manual adjustment may re_uit in momentary loss ofsync due to excessive movement of the controls and, of course,

i the data accuracy may suffer."

(
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APPENDIX B

Observer Assignments for Test NCG-444BB and 444

) September Ii and 13, 1961

SITE 0BSERVER 0RGANIZATI ON

MCC P. Freeman BTL
J. Hibbert BTL

_ J. Johnson BTL
' P. Johnson* WECo

GSFC C. Goodman WECo
A. PeDerson BTL
G. Tolson* WECo

BDA T. Hoban ,_andia
H. Kraus BTZ
P. Lein WECo

ATS G. Adams* WECo

LDN J. Anderson* WECo

CYI M. Fabian* WECo

MUC H. Barrier* WECo

W0M D. Anderson NASA

H0N N, Kulp* WECo

GYM J. Baldi WECo

TEX J. Kreer BTL

*Indicates personnel already stationed on site for other
i

duties.

!

7

B-_l i
|,

1965077404-080



APPENDIXc

Observers : Report Form

" I
_J

: At the conclusion of each network exercise, the

observers at each site were required to forward an "Observer

Report" b; teletype $o MCC in the format shown in Figure C-I.

This report contained the following information:4

(1) Time of telemet1_ contact-

(2} Time of loss of telemet_.y signal

(3) Duration of :'solid" telemetry from the Ca_psuie

(/4) Duration of "solid" Acquisition Aid _x"ack_

(5) Duration of "selid" S-band radar tracking :
-%

- (6) -_Duratlon of "solid" C-band tracking
l i -t

(7) Duration Of "solid" _ voice

(8) Duration of "solid" HF voice

(9) Time of receipt of the following messages:

a. Telemetry Sunm_y. (SUM) _-.

b. Acquisition and Pointing Data (AQ)
2

• . _ c. CapS'.a:l..e__equency me_sages (CI_.) .

O _. Retrofire Even-ts(RTOF) _-• - - .°

_ (iO) Tim0 of Sransmissio_. of the-_ol_lowing messages:

- a. Telemetry Summary (S-_M) •

b. Contact (coN)~

(D -" - " c.. -Site Status (STAT)

(;Ii) Q_alitative evaluation of exercise _: _. :--.

'_..... _ (-I_)_Brlef comments o_ the. exercise _ __

-_ -• (13) Notation of anydlfflculties ehcountered. " "

(14) "Suggestlons-for changes. _ ,J
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FIGURE C-I

Format of Observers' TTY Report

(date time group)

(MccDE....)
ADM
ATTN P. J. JOHNSON

OBSERVER REPORT FOR NCG-44_ ....
:-
!

J I. DURATION (MIN-SEC)
i

I A. TM CON .... ZB° TM LOS .... Z

I : - C° TM SOLID ....D. AA SOLID .... {

I E o S RADAR SOLID ----"
" Fo _, RADAR SOLID ....

!I G° UHF SOLID ....:, H. HF SOLID ....
:..
i II. TTY RECEIPT
!

=!

•_ A. SUM
: MCC .... Z :
• BDA .... Z
:' ? .ATS .... Z
- CYI .... Z
-_ : KNO ....Z
.:[ ZZB " ----Z

ii IOS ----Z

MUC ....Z
W0M ----Z
CTN ..... Z
HAW ";_'--Z
CAL ....Z

:1 GYM ....z •

....zTEX i---Z

ii EGL ----Z-
:B. ACQ !

- 3 ....Z

C. CRF ....Z
"-_ :' _" ----Z

" -D. RTOF --:.--Z

IIt,. TTY TRANSMIT TIMES

" -A. sUM - ----Z -_ (_B. CON ....z- .:
C. STAT .... Z ..-

_--_Z

IV. QUALITATIVE EVALUATION
• - V. COMMENTS

.... Wl. SUGaES_D C_ES
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APPENDIX D

Analysis of Radar Data Transmitted From Texas

J During Teet NCG-444

This report presents an mnalysis of the radar

) data transmitted from the VERLORT Radar at the South Texas
site during the MA-4 mission on September 13, 1961. The

analysis was made to determine the trouble areas in radar

equipment, procedures and operation. The results show

that difficulties were present in all three areas.

An inspection of the records of radar data trans-

mitted to Goddard indicated three areas in _nich difficulty
A

seemed to occur. They were inadequate procedural Instruc-

tion_, unsatisfactory operational technique, and equipment

failure. The _adar teletype prlnt-out was converted to .
i

decimal values in nautical miles and degrees and plotted

againbt time. The corresponding pointing data, corrected

by adding to the time a constant amount to make a best fit

('_ to the intervals of valid data, were then plotted on the
• . J

same sheets. The added constant corrected for the change.

(28 seconds) in orbital period due to the capsule being

inserted in an orbit twelve miles lower than nominal and the

#"\ fact that SEC0 occurred 9 seconds earlier than expected.
#

With this correction, the lift-off time agrees within two i

seconds of the actually observed llft-off time..

D-1
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Figure D-I is the p)ot of the range data and

Figure D-2 is the plot of the azimuth and elevation data

sent from TEX, as received at Goddard. The solid curves
on these figures correspond to the theoretical pointing

i _._tawhile-the indicated points are derived from the tele-

type print-out,

Inspection of the azimuth curves indicates that

the radar was actually tracking the capsule from 15:35:54Z

to 15:36:12Z and from 15:38:36Z to 15:39:12Z. These

intervals agree with the valid data bit on the teletype

print-out. However, during the later inte_al, the eleva-

tlon print-out contained all readings identically zero
!

which would imply a pointing error relative to the calculated

pointing data, of from two to six degrees. Even at the
f_
_._ minimum error this was outside the beam width (2.4°) of the

_'i antenna-by more than 0.8 °. It is obvlou_ that these print-

out figures do not agree with the actual position of the

antenna since it was tracking the capsule in range and azimuth,

and this is emphasized by the fact that the elevation print-

out is identically zero from 15:36:18Z to the end of trans-mission. Equipment difficulty apparently occurred in either
k

_I the encoder or the digltal-to-teletype whichconverter, seems

'_, to be confirmed by the report that the elevation strobe light

in the encoder Was later found to be defective.

(
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The next observation is that the range in the data

s_nt to GSFC is much shorter than predicted in the pointing

data. However, the two curves are parallel and if two hundred

/ nautical miles (correspQnding to one period of the VERLORT

PEF) are added to the radar range data the resulting curve is

in good agreement, as indicated by the solid circles on

Figure D-I. The errors remaining would be reduced to very
_
"-J small values if the change in orbital speed due to low altl-

tude had been taken into account during the time of the pass

(thls correction would amountto about one second). It seems

falrl_ obvious that after loslng the target in coastlng through

the main bang at 15:36:10Z, it was reacqulred at 15:38:36Z

but with the range ambiguity resolution in error-by the range

equivalent to one pulse repetltlon period. The target should

have been reacquired shortly after 15:38:24Z and tracked until

15:37:06Z, an_ then reacquired shortly after 15:37:16Z and

tracked until 15:38:12Z. That this was not done was due to

the fact that the operators allowed the antenna to shift for

itself during the coast interval as is evidenced bythe

O constant azimuth prlnt-out for about i._ minutes starting at
this time. Actually, as the pointing data show, theazimuth

was Changln@ very rapidly at this time and as a consequence

the antenna was pointing ten or twenty degrees away from the

O. capsule when it emerged from the coasting region.
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Finally, the initial acquisition at 15:35:54Z

was not accomplished until almost 2.5 minutes after appearance

of the capsule on the horizon.

Taking up the difficulties in reverse order, the

causes and what can be done to minimize their occurrence are

now considered.

The late acquisition was almost certainly caused

by-the handover procedures which, as now described iu Mercury

Network Procedures (MNF)-Section VI, make no provision for

an up-range station being unable to acqulre. During the MA-4

mission, the VERLORT radar at Guaymas was unable to lock-on

to the signal and consequently the Texas radar, although

passively tracking the Guaymas signal, was unable to phase

and under the procedures in MNP-VI could not start active

track. These procedures should be modified so-that under

these circumstances the down-range station may request per-

mission to track actively and the up-range station phase, to

it. This would probably have allowed Texas to start active

tracking at least one-_minute earlier.

Next, the handover instructions in (MNP)-Sectlon VI

states that "During a VERLORT-to-VERLORT handover, both the (.--_

trac]_ngand acquiring radars will be locked in a PRF of 410,

and the tracking radar will be obligated to coast through the

main bang. '_ Since the shortest time interval for passing the

main bang is about four seconds and could be as .long as one

minute, while the coasting capability of the radar is only ""_
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four seconds, the probability that the capsule will be

lost during the coasting _rocedure is very high. Instead,

the operators should use the available modes of operation

to carry the radar through the main bang. This would include

slaving the radar to the acquisitlon bus and using aided manual

tracking in range to position antenna and range gate so as to

reacquire as soon as the pulse emerges from the main bang.

A better, but more expensive, solution would be to modify the

counting chains so that once a PRF is properly phased it con_

tinues in that phase in spite of PRF changes, and then to
_°

allow the radars to change PRF in the normal manner.

Finally, the procedure for checking the range

ambiguity resolution needs modification to insure proper range

tracking. This could be done procedurally by assigning an

operator to this task and requiring a continuing check. Alter-

natively, a minor equipment modification could be made to give

the operator an _mistakable automatic alarm if the ambiguity _

were incorrectly resolved. This modification might consist

of an "and" gate, with inputs from (1) the range ambiguity i
B

( "brlghtener-pu_se" and (2) the v&.deo output, to operate a ,_• o
•

relay which would light an alarm light, ring a _ell, or,

preferably, edge-light the safety glass over the main scope

with a colored light so that the presentation would become -

_-') colored if the range ambiguity were incorrectly resolved.

L
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The remaining poi_it is the reliability of the

encoders and the dlgital-to-teletype converters. The cause
,f

of the failure at TEX should be determlr_ed and eliminated.

} If the repe-ts of the failure being due to a defective strobe

light prove to be true, this possibly could be rectified by

providing two lights in parallel, each strong enough to

trigger the pulse generating circuits.

- This analysis has shown that a post-fllght analysis

of the tracking data_ in conJ.unction with the theoretical _

pointing data, is a useful method of analyzing the performance

i of the radars at Mercury sites. It is recommended that this

analysis be made for all sites.

i
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APPENDIX E

Analysis of Radar Data Transmitted From Eglin During NCG-444

The EGL FPS-16 radar supplied very good tracking

data. "TheMPQ-31 radar had a defective transmitter, and

was only able to track passively. £1gure 7-1 shows the

_-'__ value of azimuth, elevation and range sent to GSFC by the
9TS-16 radar at EGL. This information was used by the

computer to obtain a very accurate impact point prediction.

EGL did not start tracking the capsule until near

the time of closest approach. This delay is ascribed to

the lack of a well-defined handover procedure with the .,._

FPS-16. The start of automatic tracking by the EGL FPS-I6

was reported to be at 15:39:17 GMT, and loss of signal at

15:41:15 GMT_ H_wever, the valid data bit remained in the

data frames transmitted to GSFC until 15:41:48 GMT. It is

apparent from Figure 7-1 that the 'data received at GSFC

actually were invalid from LOS and that the computer received

several frames of data which should not have been used.

_ Since the predicted impact point was so close to the actual
n

impact point, it appears that the computer program rejected

most of these last frames.

It is intended that the valid data bit should drop

•, \ cut automatically when range track is lost. This obviously

did not happen at EGL. Gqe possible explanation for the

malfunction is that the associated relay may not have been

E-1
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correctly adjusted, and did not drop out at LOS. Another

possibil_ty is tha_ the mechanical decoder stop _as reached

before tile capsule signal was lost. _le LOS was repgrted by

EGL to be at the end of the range gear train at maximum
-- _

_ range. If it is possible for the capsule signal .to stay in

the range gate beyond this range, the valid signal couldf

remain but the range decoder would be unable to advance.!

! The rar_e prlnt-out indicates that the range remained1

essentially constant after LOS. It is recommended that the

exact cause of this malfunction be determined. If the

latter possibility should be correct, the valid signal logic

: should be c_nged to operate off the mechanical stops as
i -

well ae the automatic ti_ack signal.

3
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APPENDIX 9

- TTY MESSAGE SUMMARY "REPORT

-.- MISSION NO. SITE DATE

..... Rec _d.

First Msg. _ircuit Second Time

D..TG..,To From Type Used _ :DTG Stamp .J Eemarks

G =

2

:" 4" '

E

i

I :

i

I
. . ...... ,_ ] i , -1

i

| _ _,, _,_, L i ,,,, ,,,, ..... . ,, .
l

k2)I

i ....

i

@

- t .] ,j ,

l

i i
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